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Iv is unfortunate that the method of analysis of the 
problems of Mendelian heredity that has been adopted in 
one form or another by those who work in this field, has 
aroused a certain amount of antagonism on the -part of 
those whose work lies in other directions. 

In the following pages I shall attempt to explain what 
the genetic factor means to those who use it, and then try 
to answer certain specific criticisms of this form of 
hypothesis, in a hope that a mutual understanding will 
remove many of the objections that have been made to 
this method of handling genetic problems. 

The objections have taken various forms. It has been 
said, for instance, that the factorial interpretation is not 
physiological but only ‘‘static,’’ whereas all really scien- 
tifie explanations are ‘‘dynamic.’’ It has been said that 
since the hypothesis does not deal with known chemical 
substanees, it has no future before it, that it is merely a 
kind of symbolism. It has been said that it is not a real 
scientific hypothesis for it merely restates its facts as 
factors, and then by juggling with numbers pretends that 
it has explained something. It has been said that the or- 
ganism is a Whole and that to treat it as made up of little 
pieces is to miss the entire problem of ‘‘Organization.”’ 
It has been seriously argued that Mendelian phenomena 
are ‘‘unnatural,’’ and that they have nothing to do with 
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the normal process of heredity in evolution as exhibited 
by the bones of defunct mammals.’ It has been said that 
the hypothesis rests on discontinuous variation of char- 
acters, which does not exist. It is objected that the 
hypothesis assumes that genetic factors are fixed and 
stable in the same sense that atoms are stable, and that 
even a slight familiarity with living things shows that no 
such hard and fast lines exist in the organic world. These 
and other things have been said about the attempts that 
the students of Mendel’s law have made to work out their 
problems. 

I think, however, that while a few of these charges may 
appear to be serious, some of them rest on a misunder- 
standing of what numerical treatment of any problem in 
science means, and others are due to differences of def- 
inition. But the most common misunderstanding arises, 
I venture to think, from a confusion of the problem con- 
cerned with the sorting out of the hereditary materials 
(the genes) to the eggs and sperms, with the problems 
concerning the subsequent action of these genes in the 
development of the embryo. 

What genes stand for can be most easily shown by 
means of a few familiar illustrations. Mendel’s cross 
with yellow and green peas (or any similar case in which 
two characters are contrasted with each other as a pair) 
will serve as an example. In the second generation from 
such a cross the numerical results, viz., three yellow to 
one green, find their explanation on the assumption that 
the two original germ plasms (briefly the yellow and the 
green) or some element or elements in them separate 
cleanly in the germ cells of the hybrid of the first gen- 
eration. This cross does not tell us whether the two 
germ plasms separate as wholes—one from the other— 
or whether only some part or parts behave in this way. 

But the situation changes when two or more pairs of 
contrasted characters are involved in the same cross. 


1 This objection is not further considered here since it has been dealt 
with elsewhere (‘‘A Critique of the Theory of Evolution,’’ 1916, p. 84). 
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For example, when peas that are both yellow and round 
are erossed to peas that are both green and wrinkled, 
there appear in the second (F.) generation not only the 
original combinations, yellow round and green wrinkled, 
but also the recombinations yellow wrinkled and green 
round. Here also the numerical results, 9:3:35:1, can 
be explained by two assumptions, viz., that, as before, 
each pair of characters (or their representatives) are 
separated in the germ cells of the hybrid (F,) and that 
each pair ‘‘assorts’’ independently of the other pair. Ob- 
viously, here, it can no longer be the wholes of the original 
germ plasms that separate, for the two pairs of char- 
acters behave independently of each other; but there must 
be separate pairs of elements in the germ plasm that 
assort independently of one another. 

As a matter of fact it has been found that the mahy 
pairs of characters that follow Mendel’s law are inde- 
pendent of each other in inheritance. The only restriction 
that this statement calls for is in the ease of linked pairs 
of characters of which I shall speak later. 

The germ plasm must, therefore, be made up of inde- 
pendent elements of some kind. It is these elements that 
we call genetic factors or more briefly genes. 

This evidence teaches us nothing further about the 
nature of the postulated genes, or of their location in the 
germ plasm. However, even if we postulated nothing 
more about them than their independence of each other 
and their distribution in the germ cells, we could still 
handle the Mendelian results on a purely mathematical 
basis that would enable us to predict what new combina- 
tions should give. This possibility alone would entirely 
justify the hypothesis as a scientific procedure, whatever 
‘arping critics may say to the contrary. In fact Mendel 
himself did not carry his analysis beyond this point, for 
he assumed only that definite paired elements that stand 
in some way for the characters of the finished plant exist 
in the germ plasm, and that the pairs assort independently 
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of each other at the time when the members of each pair 
separate (segregate). 


But between the year 1866, when Mendel published his 
paper, and the present vear, 1917—an interval of fifty- 
one vears—much water has run under the Mendelian mill. 
In consequence we can now add certain further attributes 
to the rather formal characterization of the gene as de- 
ducible from Mendel’s law alone. But before I discuss 
the evidence for these postulated attributes, I must pause 
for a moment to call attention to a movement that was in 
certain important respects a forerunner of our present 
standpoint. 

I refer to the views of Roux and of Weismann, both of 
whom assumed that the germ plasm is made up of par- 
ticles or determiners, as Bonnet, Spencer, Darwin and 
others had done before them. Their argument was largely 
speculative, and not of the same kind as the more recent 
evidence derived from Mendelian analysis. Moreover in 
all of Weismann’s earlier and best known writings his 
idea of the units in heredity was more involved than are 
our present ideas. He thought that whole germ plasms 
were the units that segregated, germ plasms that dif- 
fered in one or many determiners, whereas the factorial 
view that we follow since Mendelism came to the front 
assumes that the units that segregate are themselves only 
parts of a whole which is the sum total of all the units. 
In his latest book, however, Weismann accepted the evi- 
dence from Mendelism and modified his ideas accordingly. 

We owe to Weismann the popularization of the view 
that the hereditary material is carried by the chromatin, 
but especially we owe to Weismann the development of 
the idea that the sorting out of the hereditary materials 
takes place at the time of the maturation process in the 


egg and sperm. 

On the other hand, it must be emphatically pointed out 
that the earlier idea of Roux, adopted by Weismann, that 
one of the hereditary complexes is sorted out during the 
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cleavage process of the egg, is no longer acceptable; for 
there is direct evidence to show that the whole hereditary 
complex goes to every cell in the body. This conclusion 
has the most far-reaching consequences for our present 
views as to how factors produce their effects in the de- 
veloping organism, for it follows that the machinery 
that separates the inherited material into its component 
elements is not the same mechano-chemical process that 
brings about differentiation in the embryo. 


GENE AND CHARACTER 


So far I have spoken of the genetic factor as a unit in 
the germ plasm whose presence there is inferred from the 
character itself. Why, it may be asked, is it not simpler 
to deal with the characters themselves, as in fact Mende! 
did, rather than introduce an imaginary entity, the gene. 

There are several reasons why we need the conception 
of gene. Let me illustrate by examples :— 


1. The Manifold Effects of EKach Gene 


If we take almost anv mutant race, such as white eves 
in Drosophila, we find that the white eye is only one of 
the characteristies that such a mutant race shows. In 
the present case the solubility of the yellow pigment of 
the body is also affected; the productivity of the indi- 
vidual also; and the viability is lower than in the wild 
flv. <All of these peculiarities are found whenever the 
white eve emerges from a cross, and are not separable 
from the white eve condition. It follows that whatever 
it is in the germ plasm that produces white eyes, it also 
produces these other modifications as well, and modifies 
not only such ‘‘superficial’’ things as color, but also such 
‘‘fundamental’’ things as productivity and_ viability. 
Many examples of this manifold effect are known to stu- 
dents of heredity. 

It is perhaps not going too far to say that any change 
in the germ plasm may produce many kinds of effects on 
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the body. Clearly then the character that we choose to 
follow in any case is only the most conspicuous or (for 
us) the most convenient modification that is produced. 
Since, however, these effects always go together and can 
be explained by the assumption of a single unit difference 
in the germ plasm, this particular element or gene in the 
germ plasm is more significant than the character chosen 
as an index for one only of the effects. 


2. The Variability of the Character is not due to the 
Corresponding Variability of the Gene 


All characters are variable, but there is at present abun- 
dant evidence to show that much of this variability is 
due to the external conditions that the embryo encounters 
during its development. Such differences as these are 
not transmitted in kind—they remain only so long as the 
environment that produces them remains. By inference 
the gene itself is stable, although the character varies; 
vet this point is very difficult to establish. The evidence 
is becoming stronger nevertheless that the germ plasm 
is relatively constant, while the character is variable. I 
shall consider this evidence in another connection. Here 
I wish merely to register some of the reasons why the 
idea of the gene is useful. 


3. Characters that are Indistinguishable may be the 
Product of Different Genes 


We find, in experience, that we can not safely infer 
from the appearance of the character what gene is pro- 
ducing it. There are at least three white races of fowls 
produced by different genes. We can synthesize white- 
eyed flies that are somatically indistinguishable from the 
ordinary white-eyed race, yet they are the combined prod- 
uct of several known genes. The purple eye color of 
Drosophila is practically indistinguishable from the eye 
colors maroon and garnet. In a word we are led again to 
units in the germ plasm in our final analysis rather than 
to the appearance of a character. 
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4. Inference that Each Character is the Product of Many 
Genes 


We find that any one organ of the body (such as an eye, 
leg, wing) may appear under many forms in different 
mutant races as a result of changes of genes in the germ 
plasm. It is a fair inference, I think, that the normal 
units—the allelomorphs of the mutant genes—also affect 
the same part. By way of illustration I may state that 
we have found about 50 eye-color factors, 15 body-color 
factors, and at least 10 factors for length of wing in 
Drosophila. 

If then, as I have said, it is a fair inference that the 
units in the wild fly that behave as Mendelian mates to 
the mutant genes also affect the organ in question, it fol- 
lows that many and perhaps a very large number of 
genes are involved in the production of each organ of the 
body. It might perhaps not be a very great exaggeration 
to say that every gene in the germ plasm affects every 
part of the body, or, in other words, that the whole germ 
plasm is instrumental in producing each and every part 
of the body. 

Such a statement may seem at first hearing to amount 
almost to an abandonment of the particulate conception 
of heredity. But in reality it is only a conclusion based 
on fact. The essential point here is that even although 
each of the organs of the body may be largely dependent 
on the entire germ plasm for its development, yet this 
germ plasm is made up of independent pairs of units. 


5. Evidence that Genes have a Real Basis in the Germ 
Plasm 


In 1906 Bateson, Saunders and Punnett found that cer- 
tain pairs of characters in sweet peas did not behave in- 
dependently of each other, but tended to stay together, 
or to keep apart, in succeeding generations according to 
the way they entered the cross. Every year more cases 
of linkage are found, so that there can be little doubt 
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that this phenomenon ts one of the fundamental attributes 
of Mendelian inheritance 

While the linkage relations of genes do not at present 
have any immediate bearing on our coneeption of the 
nature of genes, they have a very important bearing on the 
problem of the localization of genes in the germ plasm. 

The original evidence that Weismann accepted to show 
that determiners are carried in the chromosomes, viz., 
the evidence based on transmission through the proto- 
plasm-free head of the spermatozoon, was made much 
stronger from Boveri’s evidence derived from experi- 
mental embryology. 

The argument became still more convincing when the 
facts of sex-linked inheritance and non-disjunction were 
established. For, it was found that certain characters 
have the same distribution as do the sex chromosomes, 
and secondly by the actual cytological demonstration that 
the rare exceptions to the rule are due to irregularities in 
the distribution of the sex chromosomes. 

All of this evidence has plaved a réle in persuading us 
that the genes postulated for Mendelian inheritance have 
areal basis and that they are located in the chromosomes. 
Finally, in Drosophila, where there are four pairs of 
chromosomes, there are also four great groups of linked 
genes. This coincidence adds one more link to the chain 
of evidence convincing a few of us that the gene in Men- 
delian inheritance has a real existence, 


CONSIDERATION OF CRITICISMS 


[ have tried to make clear how the genetic evidence has 
necessitated the assumption of genes in heredity, and I 
have pointed out what seem to me to be some of the at- 
tributes that it has been desirable to add to the earlier 
conception of the gene as our knowledge has increased. 
Now that the ground is cleared, let me try to answer the 
objections or criticisms which I mentioned at the start, 
that have been advanced against this kind of hypothesis. 


| 
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(A) Assumption of Genetic Factors is Arbitrary 


It has been said that by assuming enough genetie factors 
you can explain anything. This is true; and it is 
the greatest danger of the factorial procedure. If, for 
example, whenever one fails to account for a result he 
introduces another factor to take care of what he can not 
explain he is not proving anything except that he is in- 
genious or only naive. To make good the introduction 
of another gene in Mendelian work, its presence must be 
established by the same kind of evidence as that on which 
the existence of the original factors was established. For 
example. Bridges found that after eosin eve color had 
been crossed to a certain red-eyed stock, there appeared 
in later generations a new class of eve color (Cream IT) 
that was far lighter than eosin. He isolated this new 
character and showed that the difference between it and 
eosin was due to a specific gene that in inheritance behaves 
like other genes, although its action is not apparent on 
the normal red eve, but is evident on the eve color eosin. 
Here, then, through experimental tests, the actual demon- 
stration was made that the change in color of the eosin 
was due to another gene hidden in the normal stock. 


(B) Stability of Genes versus Instability of Characters 


It has been objected that it is unreasonable to assume 
that genes are relatively stable. This objection is based 
largely on the fact that characters are notoriously fluctu- 
ating, and since characters form the basis of our numer- 
ical data from which the idea of the gene is derived, it is 
supposed that genes too must be variable. This is by all 
edds the most common criticism that has been brought 
against the idea of genetic factors and the most difficult 
one to disprove. There are five answers, however, to this 
objection. 

In the first place it has been shown in a number of 
instanees that the variability of the character is due to 
a mixed or composite population in which there are sev- 
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eral genotypes present. In other words, it was because 
most material is itself not uniform that an exaggerated 
idea arose concerning the nature of the variability of the 
character. 

In the second place, Johannsen’s experiments with 
Princess beans have shown that when the material is 
homogeneous in successive generations the variability 
of the character is due to the environment and is not due 
to changes in the genotype. 

In the third place, any pure stock (and especially one 
that has been made homozygous by inbreeding), so long 
as it does not vary, is an argument for the stability of the 
factorial basis. When changes occur in it as they are 
pretty certain to do, the fact does not in itself prove 
that the gene under observation has changed, for other 
genes that affect the character may have mutated. Jen- 
nings has recently said? that we maintain the constancy 
of a given gene by assuming that other genes, rather than 
the original gene itself, have changed. This would be of 
course on our part a straight evasion of the issue. The 
criticism would hold if the question involved were a purely 
philosophical one, as Jennings might unintentionally lead 
the reader to believe. Fortunately it is becoming more 
and more possible to demonstrate that changes of this 
latter kind do take place; for it is possible with suitable 
material to show in such cases the exact nature of the 
change. Wherever it has been possible to do this it has 
been found that a definite mutation in some gene has 
taken place, or has been introduced into the culture 
through crossing. 

In the fourth place it has been found that more than 
one mutant gene may be the mate (allelomorph) of the 
same normal gene. Since no more than two of them may 
exist at the same time in a given individual, and since 
linkage experiments have shown in Drosophila that these 
multiple allelomorphs have the same linkage relations to 
all other genes (7. e., as we interpret the result, each such 


2 Jour. Washington Acad. Science, VII, 1917. 
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set of allelomorphs has the same locus in the same chromo- 
some) this experimental evidence shows that several 
allelomorphs of the same gene may exist. An interesting 
relation in regard to these multiple allelomorphs is that 
they affect chiefly the same part of the body in the 
same general way. They may give a series of types that 
is discontinuous, such as the quadruple mouse series: 
vellow, gray white-belly, gray, black; or the more nearly 
continuous septuple Drosophila series: red, blood, cherry, 
eosin, buff, tinged, white. Whether such a series of 
characters is large enough to appear continuous or not is 
a matter of trivial importance in comparison with the es- 
tablished fact that the genes behind such a series arose in 
the same way as do other mutant genes, and after they 
have appeared, are as constant as are other genes. There 
is no experimental evidence to show that the multiple 
mutant allelomorphs are more likely to arise from each 
other than they are from the normal allelomorph, and 
even if this should be true for individual genes it is no 
more than is true for other ‘‘normal’’ genes, some of 
which mutate more readily than others. Emerson has 
shown for corn that one allelomorph of a series is more 
likely to mutate than others and we have shown for 
Drosophila that certain normal genes, as the one that 
mutates to produce vermilion eye color, are more likely 
to mutate than are others. 

When Jennings® tries to interpret this evidence of con- 
tinuous series of allelomorphie characters as breaking 
down all real distinction between mutation and continuous 
variation, he leaves out of account certain very funda- 
mental considerations. For example, De Vries himself 
has always urged that mutations may be very small so 
far as the character change is concerned; the Svaloéf evi- 
dence shows this in a very striking way, and Johann- 
sen’s beans have been for several years a classic case 
illustrating how minute the characters depending on 


3 Loe, cit. 
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genetic differences may be. It comes, therefore, some- 
what as a surprise when Jennings states: 

‘Certain serious difficulties appear in this view of the 
matter; I shall mention merely two of them, for their 
practical results. One is the very existence of the minutely 
differing strains, which forms one of the main founda- 
tions of the genotype theory. How have these arisen? 
Not by large steps, not by saltations, for the differences 
between the strains go down to the very limits of de- 
tectability. On the saltation theory, Jordan’s view that 
these things were created separate at the beginning seems 
the only solution.’’ 

It should be remembered too that it is possible to make 
up just as continuous a series of characters with genes 
belonging to different allelomorphie pairs (even when 
they lie in different linked groups) as the continuous series 
from multiple allelomorphs. 

If there were any connections between the gradations 
of character in allelomorphie series and the order in which 
the characters appear, such a relation might appear to 
furnish a support to the view that the assumed fluctuation 
of factors is a sequential process, and that selection actu- 
ally helps forward the direction in which mutation is 
likely to take place, a view that Castle has at times ap- 
parently espoused. As a matter of fact, there is no such 
relation known—the known facts are exactly to the con- 
trary; for the actual evidence from multiple allelomorphs 
shows that genes may mutate in all directions and also 
that extreme mutations such as white eyes arise suddenly 
from red and not by graded steps 

In the fifth place, the most recent work on Drosophila 
has shown not only that every gene may act (and often 
does act) as a differential for characters conditioned by 
other genes, but also that there are genes whose most 


visible effect is only on certain characters which may 
therefore be said to be modified by the former. It would 
be a great mistake to suppose that these modifying genes 
are unique in any essential respect—the kinds of effects 
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that they produce grade off into effects that the ordinary 
genes produce. The chief interest in demonstrating (in- 
stead of speculating about) such genes is that they go far 
towards helping us to a clearer interpretation of certain 
evidence that was heretofore obscure or misinterpreted. 
Wherever the history of the origin of these genes is 
known it has been found to be the same as for other genes 
and their behavior in Mendelian inheritance is precisely 
the same. Nevertheless, Jennings has, in the paper al- 
ready referred to, left certain implications in regard to 
them that, if not clearly understood, may throw the sub- 
ject into worse confusion than before. He seems to imply 

perhaps he does not really intend to do more—that 
since through such modifying genes a perfectly contin- 
uous series of modifications of a character may exist, 
all real distinction becomes lost between continuous and 
discontinuous variation. Now as a matter of fact per- 
fectly continuous characters, if due to overlapping of the 
separate modifications, can be statistically handled, as 
Johannsen has done for beans and as Jennings himself 
has done for size differences in paramecium. Other ways 
are also known by which the localization in the chromo- 
somes of modifying factors can be studied by methods 
that no student of Mendelian heredity can afford to re- 
ject.t— All of this is familiar, of course, to Jennings. He 
means, however, to suggest that if the work on Drosophila 
continues for another fifty vears, so many modifiers may 
he found that the characters will form a continuous series. 
But suppose the mutants do become so numerous that it 
is impossible to distinguish between any two by inspee- 
tion. Are we then to reject all the body of evidence that 
is fast accumulating that the modifying genes are ordi- 
nary Mendelian factors? It would be the height of ab- 
surdity to throw overboard all this experimentally deter- 
mined evidence as to the actual method of origin and 
inheritance of these genes because a time may come when 
members of a series have become so numerous that we 


t See ‘Mechanism of Mendelian Heredity,’’ pp. 192-4. 
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will be too much bored to make the tests that will dis- 
tinguish a given new member from some one or other of 
the old ones. But Jennings may reply, suppose the selec- 
tionist claims that his material is already in this finely 
triturated condition! If, so, the answer is that by suitable 
selection experiments an analysis may in many situations 
still be made, and, secondly, the evidence, even from 
Castle’s rats, is far from establishing that he is dealing 
with such a sublimated process. On the contrary, there is 
much in them to indicate that they may be capable of 
being handled by rather simple Mendelian methods, as 
MacDowell has shown. 

* As a matter of fact, when indistinguishable characters 
are the product of one or another modifier, the identifica- 
tion of the two genes involved, as independent, is per- 
fectly easy and certain by means of linkage relations. If 
a particular material is not sufficiently worked out to 
make this test possible, is that a sufficient reason why we 
should refuse to accept evidence where it can be obtained? 
And if there are indistinguishable characters that are the 
product of one or of another allelomorph, of course it can 
not be determined which allelomorph produces the result ; 
but as, ex hypothesi, each allelomorph produces the same 
indistinguishable result, a discussion of such a question 
would be as profitable as the ancient one of the number of 
angels that can stand on the point of a needle. 

In conclusion then it may be said that by stable or 
constant genes we do not necessarily mean that the gene is 
absolute in the sense that a molecule is absolute, for we 
‘an not know this at present. We might mean by stable 
genes that even if there is a variability of the gene the 
variation takes place about a mode; and if in a given 
individual the extreme of variation was caused by a corre- 
sponding extreme in the variation of the gene, still the 
experimental evidence shows that in the many cell-genera- 
tions through which that individual’s germ cells pass to 
produce the sperms or the eggs, the genic variation, if 
there is any, is still about the original mode and that no 
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new mode has been established unless a mutation has 
occurred, This latter interpretation is indeed in contra- 
diction to the idea that the gene is a single molecule, for 
molecules are not supposed to vary about a mode. At 
present either interpretation is compatible with the evi- 
denee, which does not discriminate between them. 


(C) Non-Contamination of Genes 


At the time when Darwin wrote and for many years 
afterward it was supposed that any new or unusual trait 
of character would become obliterated by repeated cross- 
ing with the normal or average individual of the species. 
This was perhaps the most serious difficulty that Dar- 
win’s theory of natural selection met with. It will be re- 
‘alled that in order to overcome it Darwin made a con- 
cession that in principle amounted to an abandonment of 
the origin of characters through natural selection of 
chance variations. He admitted that only when a new 
character appeared in a large number of individuals at 
the same time was there an opportunity for its per- 
petuation. 

In sharp contrast to this earlier view, all the evidence 
from Mendelian heredity goes to show that however often 
a new character, that rests on a genetic change in the 
germ plasm, may have been kept out of sight by crossing 
to dominant individuals, whenever the character emerges 
from the eross, it shows at once that its gene has not been 
contaminated by contact with other genes. This conclu- 
sion is an enormous gain for the theory of natural selec- 
tion based on chance variation, and at the same time is an 
equally strong argument to show that genes remain stable, 
and are not infected or mixed in the presence of other 
contrasting genes.° Let me illustrate by a case of my own. 


5 Those who in their haste try to show that Darwin must have meant by 
fluctuating variation small mutations, since he assumed such fluctuations to 
be inherited, might well ponder the difference between the two kinds of 
variation cited above. If Darwin had realized the difference referred to, 
he would not have had to make the damaging concession forced upon him 
by his eritic, a professor of engineering, Fleeming Jenkin, in the North 
British Review (June, 1867). 


528 THE AMERICAN NATURALIST [ Von, LI 


There is a mutant called ‘‘notch’’? (Fig. 1) character- 
ized by a serration at the ends of the wings. The factor 
that causes this is sex-linked, dominant in regard to the 


Fic. 1. Notch female. 


wing character but recessive in its lethal effect. A female 
with notch wings carries the gene in one of her X-chromo- 
somes and the normal allelomorph in the other X-chromo- 
some. Half of her sons get the former and die, the other 
half get the latter X-chromosome and live. As there are 
no lethal bearing males, the females must in every gen- 
eration be bred to normal males. For twenty generations 
such matings have been made. Each time there have 
come together in the same female one X-chromosome 
carrying the gene for notch and its mate carrying the 
normal allelomorph. Selection of those females that 
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showed the least amount of notch, changed, after a Tew 
generations, the outward character of the notch stock so 
that at least half of those females that carry the notch 
gene came to have normal wings. It might have seemed 
that the gene itself had changed, possibly through con- 
tamination with the normal gene, were such a thing pos- 
sible. On the contrary, if these females with normal 
wings are outcrossed to a male of any other stock, all the 
daughters that carry the notch gene have the notch in the 
original (atavistic) condition, showing that the gene still 
acts in all its original strength. Moreover, suitable ex- 
periments have shown that as a result of selection, a 
modifying gene, already present in the original stock, has 
been isolated. This gene modifies notch (although it 
produces no visible effect on the normal wing) in such a 
way that the notch is less likely to appear. The evidence 
furnishes the twofold demonstration that the gene for 
noteh has not changed through contamination, and that 
there is present a new and definite gene that does account 
for the change. 


(D) Methods of Inheritance that are not Mendelian 


It has been claimed that Mendelian inheritance is only 
one kind of inheritance and applies to only a limited 
group of characters. It has even been implied that the 
kind of characters involved in the process of evolution can 
not be inherited in this way because, it is affirmed, evolu- 
tionary characters are not like Mendelian characters. 
It is known that certain plastids, such as chloroplasts, 
that lie in the protoplasm are transmitted as a rule only 
through the egg protoplasm. There can be no doubt 
that this sort of transmission takes place. In principle it 
is not different from the transmission of certain kinds of 
bacterial diseases like that of pebrine in the egg of the 
silkworm moth. Any inelusion in the cytoplasm capable 
of increasing there by division would be mechanically 
carried to all the new cells arising by division and there- 
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fore into the egg cell also. Should the sperm cell strip 
itself free of most of that part of the evtoplasm that con- 
tained these inclusions, the spermatozoa alone of all the 
cells in the body would be free from these eytoplasmie 
materials, and in consequence would not transmit them. 

So long as we recognize with what we are dealing here 
it is largely a matter of personal choice whether we prefer 
to include plastid transmission through the egg (or even 
through the eytoplasm of the sperm in special cases) 
under the term heredity. 

The number of cases in which plastid inheritance is 
known to occur is very limited,® while Mendelian heredity 
includes the vast majority of characters about whose in- 
heritanee we know something definite. 

But it is a far cry from these cases of transmission of 
plastids to the view that the cytoplasm transmits equally 
with the chromosomes; or that the cytoplasm transmits 
the fundamental attributes of the organism and that the 
chromosomes transmit only the more superficial charac- 
teristics—a view that Boveri discussed in detail in 1903, 
and which was a favorite topic of his on several later 
occasions. He changed entirely as the evidence came in 
and finally abandoned the view in his last paper (1914). 

This is an old and familiar topie with embrvologists, 
but since it has been recently revived, a brief statement 
in regard to it may not be out of place. Fortunately this 
view is no longer a matter of opinion but of experimentally 
determined evidence. 

In 1912, Toyama described some cases in silkworm 
moths of what is known as maternal inheritance—cases 
in which certain characteristics that develop in the hybrid 
embryo are like those of the maternal stock. He found 
cases involving the color of the yolk, shape of the egg, and 
the pigment (not present as such in the egg) that de- 
velops after the serosa is formed. By breeding tests it 


6 If chondriosomes are ‘‘formative’’ materials as certain writers claim, 


the type of plastid inheritance may include a larger group of characters 
than we suppose at present. 
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was made clear that the evtoplasm transmits these char- 
acteristics only because they have been impressed on the 
eytoplasm by the chromosomes at some earlier stage in 
the histary of the egg cell. They are strictly Mendelian 
(Fig. 2). 
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Fic. 2. Maternal inheritance in the silk-worm moth according to Toyama. 

It has also been suggested that the chromosomal, Men- 
delian genes affect only trivial characters such as color, 
while the more fundamental characters are carried in 
the eytoplasm.? There are in reality no grounds for as- 
sunning that some characters are more fundamental than 
others; or that such hypothecated fundamental characters 
have a different mode of inheritance. The old-fashioned 
distinction between ordinal, class, family and generic 
characters has long been recognized as entirely artificial 
and conventional while the so-called promorphological 
characteristics such as shape of egg, type of cleavage, 
axial relations are as variable as are other characteristics, 
and some of them, such as shape of egg, location of micro- 
pyle, ete., have been shown to fall under the Mendelian 
formula. Take, for example, the following list of charac- 
ters and try to decide whether they are fundamental 
(generic) or only trivial; they are all Mendelian in some 
cases at least: 


Sterility, several types of which are recognized as Men- 
delian ; 


7 Boveri, 1903; Loeb, 1916. 
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Sex, the inheritance of which is shown in many eases to 
be associated with sex chromosomes ; 

‘*Apterous,’’ loss of wings in certain stocks of Droso- 
phila; 

‘*Kiveless,’’ partial or complete loss of eyes; 

‘*Hixtra legs,’’ duplication of part or of entire legs which 
in one race shows Mendelian sex-linked transmission; 

Heliotropism, loss of positive response to light in one 
stock of Drosophila. 


Until there is forthcoming some direct evidence that the 
cytoplasm apart from its contained plastids transmits 
more fundamental characteristics than the chromosomes, 
the claim that such a difference exists is not only entirely 
speculative, but has been shown not to be true for a num- 
ber of characters. No doubt the idea arose from the fact 
that when the egg begins to develop it is the protoplasm 
that exhibits most of the phenomena concerned with the 
early development of the axial and bilateral relations, the 
tvpe of cleavage and the formation of the organs of the 
embryo. But this kind of evidence shows no more than 
that these characteristics are then present in the cyto- 
plasm; it does not show whether they have come from the 
chromosomes in the early history of the egg cell, or were, 
as assumed, inherent properties of the evtoplasm as such. 
Tn recent years, however, it has been possible in a few 
eases, like those of Toyama, to get experimental evidence 
bearing on this point and it has shown beyond dispute 
that such eytoplasmie types of behavior are impressed on 
the cytoplasm by the chromatin in the same way presuin- 
ably as are all Mendelian characteristics. 

No one has denied, so far as I know, that the cytoplasm 
is essential for development. That it is transmitted 
largely, if not entirely, through the eytoplasm of the egg 
is too well recognized to debate, and that it may contain 
substances that have never been a constituent part of the 
nucleus and which may form the basis through which 
material of nuclear origin may act must be freely granted 
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as an important theoretical possibility. But it must not 
be forgotten that the only characters that we know any- 
thing about in genetics are under nuclear control with the 
exception of plastids that can themselves multiply in the 
cytoplasm. 

There is a special case of inheritance that has been 
called eytoplasmie that may equally well have a chro- 
mosomal explanation. Goldschmidt finds that he can 
account for certain of his results in gypsy moths by as- 
cribing certain values to the cytoplasm. Thus he says 
the two factors for femaleness (FF) are transmitted from 
the mother to her daughters and the latter transmits 
again to their daughters, ete. In other words, the factors 
are carried only in the egg-producing line. Goldschmidt 
concludes that the evidence proves that the ‘‘FF com- 
plex is inherited . . . in the protoplasm of the female.’’ 
Now in moths in which the female is the heterogametic 
sex, the Y chromosome (or the W chromosome to use a 
different nomenclature) is transmitted only by the female 
line and should this chromosome earry the factors in 
question all the requirements of the experiment would be 
fulfilled. There is no way of determining from this evi- 
dence alone whether the case belongs to the plastid type 
of inheritance, or is a case of W inheritance, except by 
finding species in which the female normally lacks the 
W sex chromosome, or by some anomalous condition has 
lost it as in the 55 chromosome females that Doncaster 
has found in the moth Abraxas. 

There is still another réle that the cytoplasm may play 
in determining the nature of the next event to occur. In 
Phylloxerans it has been shown that a whole sex chromo- 
some is eliminated from the small eggs and in consequence 
«male results from them. The presumption here is that 
the effect is through the eytoplasm determining the dis- 
tribution of the chromosomes, but it must be conceded 
that the same environmental changes that affected the 
cytoplasm may have had a simultaneous effect on one of 
the sex chromosomes. In the case of certain generic 
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crosses in pigeons, Riddle, confirming Whitman’s dis- 
covery, finds that when an enforced series of eggs are 
laid, their chemical composition is changed and that they 
produce at certain times a preponderance of males. Since 
the female here is the heterozygotic sex (ZW) the results 
are such as would follow a direct influence on the sex 
chromosomes when the polar body is eliminated. Infor- 
mation concerning sex-linked inheritance in these forced 
offspring should settle the question. 

To sum up, it may be said that ‘‘plastid’’ inheritance 
is at present the only known method of transmission of 
factors that does not come under Mendel’s laws. The 
three principal kinds of Mendelian inheritance known at 
present fall into the following groups: 


1. Autosomal inheritance, where transmission is equally 
to both sexes, or to all individuals of hermaphroditic 
species. 

2. Sex-linked inheritance, (@) where the distribution of 
characters coincides with the distribution of the X 
chromosomes in the Drosophila type, and of the Z 
chromosomes in the Abraxas type; and (b) where the 
distribution of characters coincides with the distribu- 
tion of the Y chromosome (as illustrated by the fer- 
tility of the male of Drosophila that depends on the 
presence of the Y chromosome) or of the W chromo- 
some in moths. 

3. Inheritance due to unusual distributions of chromo- 
somes, as seen (a) in doubling of their number (tetra- 
ploidy); (b) in non-disjunction, as in the 15-chromo- 
some type of @nothera and the XXY type of female 
in Drosophila; (c) in irregularities of synapsis as 
seen in species hybrids such as Pygera. This group 
(3) is at present only provisional and will no doubt 
be broken up at some future time into its different 
parts. 


The case of maternal inheritance, spoken of above (other 
than Y or W linked or plastid inheritance), has been 
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shown to be only deferred Mendelian inheritance trace- 
able to the chromatin of the nucleus in which the char- 
acters shown by the egg or the embryo have already been 
determined before fertilization by the chromatin of the 
mother alone. In consequence the appearance of the 
Mendelian ratio is deferred to a succeeding generation 


(F;). 


(EF) Action of Genes during Embryonic Development 
versus their Distribution in Heredity 


On several occasions I have urged the importance of 
keeping apart, for the present at least, the questions con- 
nected with the distribution of the genes in succeeding 
generations from questions connected with the physio- 
logical action of the genetic factors during development, 
because the embryological data have too often been con- 
fused in premature attempts to interpret the genetic data. 
It has been urged that such a procedure limits the legiti- 
mate field of heredity to a process no more intellectual 
than that of a game of cards, for Mendelism becomes 
nothing but shuffling and dealing out new hands to each 
successive generation. My plea is, I fear, based largely 
on expediency, which may only too easily be interpreted 
as narrow-mindedness; yet I hope to be amongst the first 
to welcome any real contribution concerning the nature of 
genes based on the chemical changes that take place 
in the embryo where the products of the genes show their 
effects. In fact I do not know of any other more direct 
way in which we can ultimately hope to find out the nature 
of the materials that we think of as genes in the germ 
cells. 

But experience has shown, I think, that only too often 
the embryological data have been used to interpret the 
transmission data to the detriment of both subjects; I 
regret to see the inevitable difficulties that are natural, at 
present, to the field of embryology thrust upon the other 
subject, where the problem is comparatively simple; and 
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so far as it has progressed, understood. Do not under- 
stand me to say that I think all the problems of heredity 
have been solved, even with the acceptance of the chromo- 
somal mechanism as the agent of transmission.’ In fact, 
I think that we are only at the beginning even of this 
study, for the important work of McClung, Wenrich, Miss 
Carothers and Robertson shows that there are probably 


Fic. 4. Male, black-breasted game-bantam. 


many surprises in store for us concerning modes of dis- 
tribution of Mendelian factors. Moreover, the method by 
which crossing over of allelomorphie factors takes place 
is still in the speculative stage, so far as the cytological 
evidence is concerned, as are also many questions as to 
how the lineally arranged factors hold their order during 
the resting stages of the nucleus and during the condensed 
stages in the dividing chromosomes. 

8 The statement that I made in my recent book on the ‘‘Critique of the 
Theory of Evolution,’’ that the traditional problem of heredity has been 


solved, is not in contradiction with the above statement which concerns the 
future problems of heredity. 
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Fic. 5. F, male, a, and female, b, out of Sebright by Game. 
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It does not seem to me to lessen in any way the im- 
portance of embryology to keep its problems for the pres- 
ent separated from those of the method of transmission 
of hereditary characters. It may well be that there are 
more important discoveries to be made in future in the 
field of embryology than in genetics, and that when the 
subject of chemical embryology has arrived at its goal it 
may be worth while to combine the two subjects into 
a single one. I am also aware that to many persons the 
interest in genetics is greatly increased when certain 
stages can be demonstrated through which the genes bring 
about their results. Far from being in opposition to such 
interests, I can illustrate this very point by a case of my 
own. The cock bird of the Sebright bantam is ‘‘hen- 
feathered”’ (Fig. 3a), 7. e., certain of the secondary sexual 
characters are like those of the hen (Fig. 3b). This is 
most noticeable in the short neck, back and saddle feathers 
as well as in the absence of the long tail feathers. When 
these birds are crossed to game bantaims (a race in which 
the male has the usual secondary sexual characters, Fig. 
4), the F, cocks are hen-feathered (Fig. 5a). This is true 
both when Sebright ¢ is crossed to game 2 and when game 
3 is crossed to Sebright 2. The latter cross shows that the 
dominant character is carried by the female Sebright as 
well as by the male. 

When these F, birds are inbred, they produce in the 
next generation (F.,) both cock-feathered and hen-feath- 
ered males. There is complete segregation of the types 
that went into the cross. Whether one or two genes for 
hen-feathering are present is not entirely certain, but that 
Mendelian segregation occurs there can be no doubt. 

I was led to see what would happen when the hen- 
feathered birds were castrated. Goodale had shown that 
when the hen of normal breeds is spayed, she develops 
the full male plumage, including the special feather re- 
gions in which the Sebright is hen-feathered. At the 
time of castration a few feathers were removed. The 
new ones that came in showed at once that a great change 
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had taken place both in the size, shape and color of the 
new feathers (Fig. 6), which became like those of the 
‘‘normal’’ male. Since the F, birds were heterozygous, 


Kia, 6. Castrated F, male, originally like male in Fig. 5, a. 


and the EF’, birds used might also have been heterozygous, 
it became important to castrate the Sebright males. This 
has been done and the same complete change takes place 
in them, as the accompanying figures of the birds (Fig. 
7) and of a few of their feathers (Figs. 8 and 9) show 
very clearly. 

Goodale’s evidence from the spayed hen makes prob- 
able the view that the ovary of the hen produces some in- 
ternal secretion that inhibits in her the full development 
of her plumage which is potentially the same as that of 
her male. After removal of the ovary the inhibition is 
removed and when the hen moults she develops her full 
possibilities of plumage. Similarly in the hen-feathered 
male, some internal secretion must inhibit the develop- 
ment of certain of the secondary sexual characters. 
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Here then we get an idea of one of the stages through 
which the products of Mendelian genes for hen-feathering 
produce their results. The presence of these genes within 


b 


Vic. 8. Feathers from F, cock (like that in Fig. 5a) before a, b, c and after 
, a’, 0’, c’ eastration; a, a’ hackle, b, b’ saddle, c, c’ wing. 


the male birds causes the testes to produce some substance 
that carried into the body inhibits the full development 
there of certain feathers. The presence of these genes in 
the other cells of the body is without influence on the 
plumage, except in the presence of the testes. The activ- 
ity of the latter is such that a substance is produced there 
that has an inhibitory effect. 

In other words, we are fortunate enough in this case 
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to be able to show a particular stage in the chain of events 
by which the character of certain feathers is influenced. 
I need not point out that there is not the slightest reason 
to identify the substance produced in the testes with the 


b b 


Fic. 9. Feathers from Sebright cock (like Fig. 8a or Fig. 7a) before a, b, c¢ and 
after a’, b’, ce’ castration; a, a’ hackle, b, b’ saddle, and ¢, ¢’ wing. 


substance of the gene; the chemical composition of the 
internal secretion may be entirely different from that of the 
vene, the latter producing its result in conjunction with sub- 
stances resulting from other genes. There is every reason 
for supposing that the way in which the effects are pro- 
duced here are the same as in all development when the 
end result is the collective product of substances pro- 
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duced by the hereditary genes—a single gene difference 
turning the seale in this way or in that. In this case we 
have, I think, an excellent illustration of the difference 
between the mechanism of inheritance and the chemical 
effects of genetic factors on development. Highly inter- 
esting and important as it undoubtedly would be to work 
out these connections, vet the evidence is very explicit in 
showing that the distribution of the materials of heredity 
during the maturation process of the egg and sperm is 
different in kind from their action through the eytoplasm 
on the developing organism. 

For purposes, then, of closer analysis, it seems desirable 
in the present condition of genetics and embryology to 
recognize that the mechanism of distribution of the hered- 
itary units or genes is a process of an entirely different 
kind from the effeets that the genes produce through the 
agency of the cytoplasm of the embryo. The activity of 
the cytoplasm is, of course, bound up with the environ- 
ment in which it takes place—a relation that is so intimate 
that in most cases the constitution of the eytoplasm and 
the nature of the environment in which it finds itself are 
studied as two sides of the same problem. It is true that 
the mechanism of Mendelian heredity may also be affected 
by the environment, certainly by the external environ- 
ment, as Plough has shown for heat; and also probably 
by the eyvtoplasmie environment since Bridges has shown 
that the process is somewhat different in young and old 
flies. But there is no evidence that the relation of the 
maturation process to the environment is in any way re- 
lated to the reactions that go on between the eytoplasm of 
the developing embryo and its environment, and it has 
only led to confusion whenever an attempt has been made 
to deduce from the nature of the embryonic reaction the 
nature of the mechanism that distributes the genes in 
heredity. 
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STUDIES ON INBREEDING. VII.—SOME FUR- 
THER CONSIDERATIONS REGARDNG THE 
MEASUREMENT AND NUMERICAL HX-— 
PRESSION OF DEGREES OF KINSHIP! 


DR. RAYMOND PEARL 


1. In this series of studies certain concepts regarding 
the quantitative aspect of inbreeding have been pre- 
sented. These coneepts have in part been rigorously 
defined, and expressed in mathematical form. It is de- 
sirable to repeat here and extend in certain directions, 
the definition of two of the most fundamental of these 
concepts. 

I. Inbreeding is defined in these studies as the condi- 
tion or state in which an organism has in fact fewer dif- 
ferent ancestors than the maximum number possible. 

The degree or amount of inbreeding (total) is measured 
by a series of inbreeding coefficients, one for each ances- 
tral generation, defined by the following equation: 

= 100 — Gus) (i) 

where pn, denotes the maximum possible number of dif- 

ferent individuals involved in the matings of the n+ 1 

generation, dni the actual number of different individuals 

involved in these matings, and Z» is the inbreeding 
coefficient for the n + 1-th ancestral generation. 

Il. A state or condition of relationship or kinship be- 
tween two organisms exists when these organisms have 
one or more common ancestors. The degree, intensity or 
closeness of the relationship is, in general, proportional 
to the number of different ancestors which the two indi- 
viduals have in common, out of the whole number they 
might possibly have in common. 


1 Papers from the Biological Laboratory of the Maine Agricultural Ex- 
periment Station. No. 113. 
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The degree or amount of relationship, in accordance 
with the above definition, is numerically measured by 
relationship coefficients, one for each ancestral genera- 
tion. The coefficients are calculated in two slightly differ- 
ent ways according to whether they are being evaluated 
in connection with inbreeding coefficients, which will 
usually be the case, or independently. 

A. When ecaleulated in connection with inbreeding 
coefficients, a relationship coefficient is caleulated, by 
methods presently to be shown by example, in accordance 
with the following equation: 


100 ~ » 


where the letters have the same significance as in (i) 
with the additions that A denotes a relationship coeffi- 
cient, a prefixed subseript s means that letters following 
it refer to the pedigree of the sire only, and a prefixed 
subscript d means that the letters following refer to the 
pedigree of the dam only. 

B. When ealeulated independently of inbreeding coeffi- 
cients, as, for example, to measure the relationship be- 
tween two male animals, the relationship coefficient 
becomes 

100~ 
where pn. — Vn, denotes the number of ancestors in the 
n+ 1-th generation (each individual and its ancestry being 
counted once only) which occur, in the n+ 1-th or some 
earlier ancestral generation, in the pedigrees of both ani- 
mals, or in other words which are common ancestors; 
pn. denotes the total number of ancestors in the same 
generation of both pedigrees taken together. 

III. Inbreeding, defined in I, may exist in respect of 
any individual, as a result of any one or a combination of 
the following circumstances: (a) the sire of the individual 
has fewer than the maximum possible number of different 
ancestors, and no ancestors in common with the dam; (/)) 
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the dam of the individual has fewer than the maximum 
possible number of different ancestors, and no ancestors 
in common with the sire; or, (c) the sire and dam have a 
certain number of common ancestors, and hence are, in 
the common sense of the word, related to each other in 
some degree. 

IV. We may separate conceptually that portion of the 
total inbreeding due to a or b or any combination of a and 
b, from that portion of the total inbreeding due to c, and 
define as due to relationship between the sire and dam 
that amount or degree of inbreeding (in the sense of I) 
which remains after the amount due to a or b (of IIT) 
or any combination of a and b has been subtracted from 
the total inbreeding. 

A numerical expression of the portion of the inbreeding 
in the xth generation due to relationship is obtained by a 
partial inbreeding index of the following form: 


Expressed in words this means that we take as an index 
of the part of the inbreeding due to relationship the per- 
centage which one half of the relationship coefficient is of 
the inbreeding coefficient, both referred of course to the 
same ancestral generation. 

2. The above paragraphs define a relationship coeffi- 
cient much more rigorously and generally than was done 
in my earlier paper on the subject,’ or in ‘‘ Modes of Re- 
search in Genetics.’ Not only is this a gain in itself, 
but also it makes possible a great simplification in the 
actual work of caleulating coefficients of relationship 
from pedigrees. Extensive experience has shown that 
the method of making these determinations given in my 
earlier paper left much to be desired in the direction of 
simplicity, ease of application, and even of accuracy in 
case the pedigree dealt with was at all complicated in 


2 Pearl, R., AMER, NatT., Vol. XLVIII, pp. 513-523, 1914. 
3 Pearl, R., ‘‘Modes of Research in Geneties,’’ New York, 1915 (Mac- 
millan & Co.). Cf. pp. 101-156. 


| 
| 


548 THE AMERICAN NATURALIST [ Vou. LI 


respect of the distribution of its ancestral repetition. Out 
of actual laboratory experience has been developed the 
more simple and rigorous analysis of the matter pre- 
sented in this paper. 

3. It would appear that the briefest and simplest way 
to make clear our concept of kinship measurements, its 
use in the analysis of inbreeding, and its practical appli- 
‘ation to pedigrees, is to carry out the work on some con- 
crete examples, given by actual pedigrees showing a 
rather high degree of inbreeding or relationship. This 
we shall accordingly proceed at once to do, taking as our 
first example the pedigree through five ancestral genera- 
tions of the Jersey cow Letty’s Faney Lady (241551). 

The pedigree (for five ancestral generations) of this 
cow is presented in Tables I and II. Table I gives the 
pedigree of her sire, Rioter’s St. Lambert King (58644), 
and Table IT gives the pedigree of the dam of the cow, 
Letty’s Faney (160320). Tables I and II together, there- 
fore, give the complete pedigree (to the extent already 
indicated) of the cow herself. The reason for splitting 
the pedigree into two parts in this way in its presentation 
will be apparent as we proceed. The numbers preceding 
the names of the animals are the registry numbers in the 
Herd Books of the American Jersey Cattle Club. 

In Tables I and IT the symbols have the following sig- 
nificance: A solid circle indicates a primary reappearance 
of an ancestor, having reference to the pedigree of Letty’s 
Faney Lady as a whole, and an open cirele indicates an 
entailed reappearance consequent upon the primary re- 
appearance denoted by the solid cirele. A solid square 
indicates a primary reappearance in the pedigree of the 
sire of Letty’s Fancy Lady, considered by itself and with- 
out reference to her dam’s pedigree; an open square de- 
notes reappearance consequent upon those indicated by 
the solid squares. Finally, a solid diamond indicates a 
primary reappearance of an ancestor in the pedigree of 
the dam of Letty’s Fancy Lady, considered by itself, while 
the open diamonds denote the corresponding entailed re- 


appearances. 
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PEDIGREE OF RIOTER’S ST. LAMBERT KING (58644), SIRE or LETTY’s 


Fancy Laby (241551) 


Ancestral Generation * 


4 Referred to the propositus, Letty’s Fancy Lady (241551). 


1 2 3 4 : 5 
No. 15175 No. 13656 No. 4558 
“ Ida’s Rioter of St. ® Bachelor of St. Lambert 
Lambert No. 24990 9 
King of St. Ida of St. nana 
Lambert No. 24901 No. 2238 
Stoke Pogis : 
Allie of St. ou Pogis 3d 
5 Lambert No. 5122 9 
= Kathleen of St. Lambert 
« No. 28353 2 No. 2238 oo No. 1259 fot 
Stoke Pogis 
= Stoke Pogis 3d — 
Pe No. 3239 Q 
May Day Stoke en 
No. 5109 2 No. 1066 
< May Day of St. __ 
ae Lambert No. 1373 9 
Jerne 
OF 15175 No. 13656 No. 4558 
OO Ida’s Rioter of O Bachelor of 
5 St. Lambert No. 24990 9 
@m King of Ste OU Ida of St. 
Lambert No, 24991 No. 2238 
2 OO Stoke Pogis 
OO} Alfie af Soke Peat 
z Lambert No. 5122 9 
pa OU Kathleen of St. Lambert 
No. 43671 2 No. 8388 6036 
z | Sir George of St. Lambert 
Canada’s John Bull 
= No. 12968 
Allie of St. Lam- Nymph of St. Lambert 
bert 2d 
No. 24991 No. 2238 
L Stoke Pogis 
Allie of Stoke Pogis 3d 
os Lambert No. 5122 
4 


{OO Kathleen of St. Lambert. 
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TABLE II 


{LIST [ Vou. LI 


PEDIGREE OF LETTY’S Fancy (160320), Dam or LETTY’s FANCY 


Lapby (241551) 


Ancestral Generations 


1 2 3 4 5 
Or | % No. 13657 No. 4558 No. 3143 
4 Bachelor of St. Orloft 
Lambert No. 6638 Q 
‘harity St. Le 
Exile of St. Charity of St. Lambert 
3 Lambert 24991 2 No. 2338 
Stoke Pogis 
Allie of St. Lam- O Pogis 3d 
No. 5122 
Kathleen of St. Lambert 
= No. 73475 Q No. 10481 No. 6036 
Sir George of St. Lambert 
Diana’s Rioter 
= No. 6636 9 
2 Diana of St. Lambert 
Letty Rioter — —_-—- 
No. 48128 2 No. 10481 
@@ Diana’s Rioter 
a + Letty Coles 2d — 
Bl 6 No. 23351 
Letty Coles 
n 
Or No. 17408 No. 8388 No. 6036 
Sir George St. Le > 
O ir George of St. Lambert 
Bull No. 12968 
O Nymph of St. Lambert 
St. Lambert Boy — 
No. 14880 2 No. 5248 fot 
Lorne 
2 Oakland’s Nora ~ 
No. 5123 
~ Pet of St. Lambert 
2 O © Canada’s John Bull = 
- Boy No. 14880 9 
Letty O © Oakland’s Nora 
SIAN 
») 
No. 23351 9 
a | 4 O © Letty Coles 


With these data in hand we may proceed to the evalua- 
tion first of the total inbreeding. We have in Table III the 
pedigree elimination table for this purpose, which lists 
the primary reappearances indicated by solid circles. 


| 
| 
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TABLE III 


PEDIGREE ELIMINATION TABLE FOR THE TOTAL INBREEDING OF 
LETTY’s Fancy LaApy 


Ancestral Generation in which Primary 


Name of Animal Primarily Reappearing = as 


King of St: Thambert. — | 1 | 2 4 
Canadas John Bull... — — | 1 2 
Retty Cores 2b. <= — } — |] 1 2 
Sir George of St. 1 


| 
| 


Whence, by the usual method, using the tables of Pearl 
and Miner,’ we have the following values: 


ToraL INBREEDING COEFFICIENTS FoR LEtTy’s Fancy Lapy 
2,=0, 2,=4.15, 2,= 56.25. 


Let us next consider Table IV, which gives the pedigree 
elimination for the pedigree of the sire, as given in Table 
I, considered by itself, the primary reappearances listed 
being those indicated by solid squares. It must be par- 
ticularly noted that the primary reappearances listed in 
this table are referred to the ancestral generations of the 
pedigree of Letty’s Fancy Lady, and not to the pedigree 
of Rioter’s St. Lambert King, her sire, with whose pedi- 
gree we are dealing. 

TABLE IV 
PEDIGREE ELIMINATION TABLE FOR RIOTER’S ST. LAMBERT KING 


Ancestral Generation® in which Primary 


‘ Reappearance Occurs 
Name of Animal Primarily Reappearing sig) 


1 2 3 4 5 

Allie of St. Lambert... | — 1 2 


5 Pearl, R., and Miner, J. R., Maine Agr, Expt. Stat. Ann. Rept. for 1913, 
pp. 191-202. 
6 Referred to the pedigree of Letty’s Faney Lady. 


| 
| 
| 
| | 18 
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In Table V exactly corresponding data are given for 
the pedigree of Letty’s Fancy, the dam of Letty’s Fancy 
Lady. The primary reappearances here are those indi- 
‘ated by solid diamonds in Table IT. 


TABLE V 
PEDIGREE ELIMINATION TABLE FOR LETTY’S FANCY 
Ancestral Generation® in which Primary 


Name of Animal Primarily Reappearing — 


1 2 3 4 5 

Combined Totals of TablesIVandV....... 0 0 1 5 12 
Difference between combined totals, and 

totals of Table III (total inbreeding)... .. ‘| 0 0 2 6 

i 

100 — 

60 
Sw 

° 
3 70 72 14 


CENE RATIONS 

Fic, 1. Diagram showing the inbreeding and relationship curves for Letty’s 
Fancy Lady. Total inbreeding coefficients—solid line and cifcles; relationship 
coefficients—dash line and open circles; partial inbreeding coefficients—dotted 
line and crosses. The smooth curves at the top of the diagram are the total 
inbreeding curves for continued brother x sister, parent x offspring, and single 
and double cousin x cousin mating. These are inserted for comparison. 


From the last line of Table V we deduce relationship 
coefficients as follows: 


| 
| 
| 
| 
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00x 2 
x — 95.00, 
 100xX6 
==- 16 = 37.50. 


Expressed in words these coefficients mean that 
Rioter’s St. Lambert King and Letty’s Lady are related 
to the amount or degree of 25 per cent. in the third, and 
37.9 per cent. in the fourth ancestral generation. 

In Fig. 1 are shown the total inbreeding (solid line and 
dots), the relationship (dashes and open circles), and the 
partial inbreeding (dots and crosses) curves for Letty’s 
Fancy Lady. 

Finally we have, from (iv), the following coefficients of 
partial inbreeding due to relationship. 


(0) 
KZ,= =9, 
50 (0) 
KZ, 12.5 
50 (25 
43.75 
50 (37.5 


56.25 


We thus see that of the total inbreeding observed in the 
third ancestral generation of Letty’s Faney Lady, none is 
due to relationship between her sire and dam; of that 
observed in the fourth ancestral generation, 28.57 is due 
to such relationship; and finally, of that observed in the 
fifth ancestral generation, one third arises because of re- 
lationship between sire and dam. 

4. Let us next consider an example of measuring rela- 
tionship independently, altogether apart from considera- 
tion of inbreeding. We may take a very simple case af- 
forded by the two milking shorthorn cows, Imp. Milk 


| 
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Maid 211032, and Imp. White Queen 545726. The pedi- 
grees of these animals follow in Tables VI and VII. The 
problem before us is to measure and express numerically 
the degree of relationship or kinship between these two 
animals. 

TABLE VI 


PEDIGREE OF IMP. MILK Matp (211032) 


Ancestral Generations 


1 2 3 
OF % No. 409267 No. 409193 J 
Inspector 
2 No. —— 9 
Bessie 44th 
|No.—— 2 No. 409093 
= Dainty Bean 
= 3 Tulip 28th 
7. Tulip 23d 
Or No. 433648 No. 80356 fot 
a, Arkin Beau 
> Border Stamp 
No. ——— 
White Sunshine 
= 
— Balmoral Pearl 
A Lady Benedict’s Farewell 


We see that in these two pedigrees there is, in the first 
ancestral generation, one ancestor (Ireby Signet) which 
oceurs in both. Hence we have 


100 (1) 


A = 50.00. 


In the second generation there are three ancestors 
(Morning Sun, Tulip 28th and Border Stamp), which 
oceur in both pedigrees, whence it follows that 


100 (3) 


K = 79.00. 


In the third generation there are six common ancestors 
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TABLE VII 


PEDIGREE OF IMP. WHITE QUEEN (545726) 


Ancestral Generation 


1 2 3 


Or % No. 409267 & No. 409193 o 
| Inspector 
Morning Sun — 
No. ———— 
A) Bessie 44th 
No. No. 409093 rot 
‘ Dainty Bean 
No. —————- Q 
7, Tulip 23d 
Or No. 433648 No. 80356 foe 
Arkin Beau 
= = Border Stamp — — ——__—__—- 
= No. ——— 
& White Sunshine 
'INo. —— No. 501767 
| Diamond Queen 
7, Landford Diamond 


(all involved from the second ancestral generation) and 
henee 
100 (6) 


K, 8 


== 79.00. 

So that we may say that Imp. Milk Maid and Imp. 
White Queen are 50 per cent. related in the first ancestral 
generation, and 75 per cent. in the second and third. 
This case will illustrate the superiority of the present 
exact numerical expression of relationship over the ordi- 
nary verbal expression. These two cows are half sisters, 
both having the same sire (this degree of relationship is 
indicated numerically always by K,= 50). But they are 
more closely related than two individuals which are only 
half sisters, beeause they have also one grandsire (Border 
Stamp) in common. Their total degree of relationship 
is simply not expressible verbally, by any term of kinship 
known to me in the English language. Yet by the method 
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here described it is exactly expressible in the form 
K,=50, K,—K, = 75. 

5. It will be perceived that the form of relationship 
coefficient here proposed leads to precisely the same 
numerical results in simple pedigrees, with not too in- 
volved inbreeding or kinship, as that given in my former 
paper’ except for the fact that I have here changed the 
subscript designation of the A’’s to bring them into con- 
formity with the total inbreeding coefficients. The earlier 
form proposed for these coefficients would always give the 
same numerical values as the present one if certain rather 
complicated rules of application, which were not clearly 
or rigorously set forth in the earlier paper, were to be 
followed. But the present simplified form does away en- 
tirely with the need for these complicated rules of pro- 
cedure. 

6. It is of interest to set forth in tabular form the 
values of the relationship coefficients for the commonly 
recognized degrees of kinship. This is done in Table 
VIII, in which the different degrees of kinship are ar- 
ranged in descending order of closeness, in general. In 
some cases, as, for example, parent and offspring and 
half brothers (or half sisters), groups of two or three 
different sorts of kinship showing the same numerical 
degree of relationship should be regarded as bracketed, 
since there is no more reason for placing one of these 
first than another. 

From this table a number of interesting points emerge. 
We note that the absolute maximum of closeness of re- 
lationship is that of brother and sister. The parent and 
offspring relationship is one half as close. Unele and 
nephew (or niece), or single first cousins, are twice as 
closely related as grandparent and offspring. Some of 
these comparisons made obvious by the table may seem at 
first thought to give unexpected results, but if one will 
take the trouble to write down pedigrees for the stated 


7 Pearl, R., AMER. Nav., Vol. XLVIII, pp. 513-523, 1914. 
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degree of kinship, he will see upon careful consideration 
the reasonableness of the numerical result. 


TABLE VIII 


VALUES OF THE RELATIONSHIP COEFFICIENTS FOR VARIOUS DEGREES 
oF KINSHIP 


Degree of Kinship Ay Ky Ky Ky 
Brother and brother (or sister)................... 100 100 100 100 
Parent and offspring. . : Arca 50 50 50 50 
Half-brother and half- brother (or hs alf-sister) Bea cup teed 50 50 50 50 
Uncle and nephew (or aieee) . 50 50 50 
Quadruple second 0 0 100 100 
Single second cousins... .. 0 0 25 25 
Propositus and first cousin once remove ved. Reece ee 0 0 25 25 
Propositus and first cousin twice 0 0 0 12.5 


There are two points in the development of relation- 
ship coefficients in this paper which may seem open to 
criticism. The first is that according to the definitions 
and formule of this paper, the degree of relationship be- 
tween two individuals is not affected by the number of 
times the same common ancestor occurs in the pedigree 
of either of the two individuals. The fact that such an- 
cestor occurs at least once in both pedigrees makes it a 
common ancestor. If it occurred more times it would not 
be a more common ancestor, because after all it would 
still be, all the time, just the same identical individual, 
made up of the same germ plasm. Put in another way, it 
is community of ancestry of two individuals which makes 
kinship. But the multiple appearance of the same indi- 
vidual in two pedigrees does not make any more ancestors 
common to the two related individuals than if this an- 
cestor occurred only once in each pedigree. Consider an 
individual A which is rather intensely inbred with refer- 
ence to an ancestor X. Consider another individual B 
which is also inbred to some extent with reference to the 
same individual X. Because they have a common ancestor 
X, A and B are related. But, according to the concep- 


~ 
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tion on which the present method of measuring kinship is 
based, the fact that A and B happen both to be inbred in 
respect to _X, does not make them any more closely related 
to each other than if they were not so inbred. It may be 
of interest in this connection to point out, not as adding 
to the scientific exactitude of the position here taken, but 
as indicating what the common sense of men who have 
given thought to the subject of consanguinity has been, 
that the position here adopted that in determining degree 
of kinship a common ancestor counts but once as such, 
appears to be exactly in agreement with the position of 
both the canon law and the civil law on the same point. 

The second point in regard to which criticism might 
seem to be possible is the method of referring the in- 
breeding or relationship to the ancestral generations. In 
all of these Studies the inbreeding or relationship is re- 
ferred to the generation of the more remote (from the 
propositus) of the two appearances in a pedigree of a 
repeated ancestor. The logic of this procedure, rather 
than the reverse, is found in the circumstance that the 
fact of inbreeding (or kinship) does not establish itself 
until the more remote reappearance is reached. Thus it is 
impossible to know that a mating is of uncle and niece 
until the grandparental generation is reached. 


Ancestral generation... i 


ais the uncle of x, the common ancestors being b and e, 
but this fact is not known until the second ancestral 
generation is reached. The only logical method of rep- 
resenting these facts exactly in a numerical way would 
seem to be to say, in effect, that up to and including. the 
first ancestral generation of a and & there is no evidence 
that these individuals are at all related, and therefore 


b 
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K,=0. In the second ancestral generation, on the con- 
trary, it appears that two ancestors, b and c¢, in the pedi- 
gree of x are the same individuals as appeared in the first 
ancestral generation of a. Therefore it now appears that 
a@ and x are related to the extent of 50 per cent. by the 
existence of community of ancestry in the second an- 
cestral generation. It would seem only logical to attach 
the numerical measure of relationship to the generation 
in which it is first proved to exist. Again, this is precisely 
the point of view regarding the matter which has been 
taken by the canon law and Roman civil law. 

These two points, which seem so obvious to the writer 
as to be difficult to discuss, are taken up here because 
correspondence has shown that they have been a source 
of difficulty with some who have undertaken the study of 
inbreeding in domestic animals by the methods set forth 
in these studies. It is hoped that the simpler and more 
precise definitions of both inbreeding and relationship 
constants given in this paper may help to clear up such 
difficulties, which must arise, it would seem, from a lack 
of a thorough grasp of the characteristics of pedigrees. 


SuMMARY 


In this paper the basic concepts of inbreeding are re- 
defined in a simple and rigorous manner, and on the basis 
of these definitions a new and more accurate method of 
measuring and expressing numerically the degree of kin- 
ship between any two individuals whatsoever, whose pedi- 
grees are known, is set forth and illustrated by examples. 

A new constant, the partial inbreeding index, is de- 
seribed. Its purpose is to indicate numerically the part 
of the total inbreeding exhibited in the pedigree of any 
individual which is due to relationship between the sire 
and the dam of that individual. 


} 
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MULTIPLICATION BY FISSION IN 
HOLOTHURIANS! 


DR. W. J. CROZIER 


TuereE is to be found in various text-books the state- 
ment that certain pedate holothurians are capable of 
spontaneous transverse division, each part so formed 
producing a new individual (Lang, 1894, p. 1095; Morgan, 
1901, p. 144). This opinion seems to be based, so far as 
IT ean learn, upon the observations of Dalyell (1851, p. 
74; Pl. XIV), although Morgan says that ‘‘more recent 
observers have confirmed this disecovery.’’? Chadwick 
(1891), also, found small individuals of Cucumaria planci 
to undergo self-division, and in one instance the posterior 
portion so formed also divided. These are records of 
division in holothurians which were being kept in small 
aquaria, and there has been no evidence, so far as I am 
aware, going to show that self-division of adult pedate 
holothurians is a method of propagation among these 
animals in their normal surroundings. Hence the possi- 
bility of non-sexual reproduction in this way is usually 
stated with reserve (ef. Lang, 1894). 

In other classes of echinoderms (aside from echinoids) 
the expedient of reproduction by fission is of course not 
unusual; but in ophiuroids and in such starfishes as 
Linckia (Clark, 1913) and Coscinasterias (Crozier, 1914) ,? 
we are dealing with the division or fragmentation of a 

1 Contributions from the Bermuda Biological Station for Research, No. 66. 

2T have,been able to secure further evidence regarding the fragmentation 
of Coscinasterias (Asterias) tenuispina (Lam.), which proves conclusively 
that the rules previously deduced (Crozier, 1915a) regarding this process 
are indeed valid. This evidence will be published in connection with a de- 
scription of experiments on the direction of progression in Coscinasterias. 
The presence of great variation in ray-length, as well as of a variable num- 
ber of madreporites, gives an opportunity to test out in this species the 
validity of certain ideas concerning ‘‘ physiological polarization’? in as- 
teroids, 
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many-armed creature relatively deficient in morpholog- 
ical centralization; whereas in Cucuwmaria and in Holo- 
thuria the body is compactly“ built, the animal much more 
of a unified individual. Consequently the self-division of 
these holothurians is not without interest, especially since 
in these cases the plane of separation is anatomically per- 
pendicular to that employed among the astroradiates, and 
it is the purpose of this paper to present evidence which 
proves that adult specimens of at least one species, Holo- 
thuria surinamensis Ludw., do as a matter of fact divide 
transversely into two parts under conditions which must 
be regarded as normal. Since these divisions are not in- 
frequent in large numbers of specimens, if not in a single 
life-history, we must conclude that fission represents a 
regular means of mutliplication in this species. 

A few years ago I found (Crozier, 1915b) that about 
10 per cent. of the examples of H. surinamensis which 
were studied showed a condition of either the oral or of 
the cloacal end which—on the basis of observed regen- 
erations following experimental ecutting—I interpreted 
as representing regeneration, possibly as a consequence 
of spontaneous self-division. Similar conditions have 
heen noted by others for some other species of holo- 
thurians, e. g., by Benham (1912, p. 186) for Actinopyga 
(Milleria) parvula (Selenka), but they have usually been 
referred to regeneration after injury by such bottom feed- 
ing fishes as small sharks. Dr. H. L. Clark informs me 
that he has found a corresponding state of affairs in some 
Australasian holothurians, at least in regard to the oe- 
currence in nature of specimens showing posterior re- 
generation. 

I subsequently obtained young individuals of .H. cap- 
tiva Ludw., about 6mm. in length, which were observed 
to divide spontaneously in the laboratory (Crozier, 1914, 
p. 18), precisely according to the procedure figured by 
Dalvell (1851) and by Chadwick (1891). Only a single 
adult H. captiva has been discovered, however, in which 
there was evidence of normal regeneration; this indi- 
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vidual, which was 40mm. long, was obtained among a 
group of 47 taken from under a large rock in April, 1916.8 
The anterior end for a distance of 7mm. from the tip was 
light greenish yellow, with ten very feebly developed 
tentacles; there was a sharp line of demarcation between 
the light yellow surface and the dark olive green of the 
rest of the body. If H. captiva undergoes division nor- 
mally, it can only occur in very young stages. 

With H. surinamensis, however, the case is quite dif- 
ferent. In Table I there are summarized results of the 
examination of several series of these animals collected at 
different times for this particular purpose. It will be 
noted that in these collections from 2.5 to 16.9 per cent. 
(on the average about 11 per cent.) of the individuals 
show a condition of either the oral or of the cloacal end 
which is interpreted as representing regeneration. This 
seems to be about the proportion of such instances which 
is to be met with in general collecting, although numerical 
records have been kept only in the cases cited. The 
specimens represented in the tabulation were obtained 


TABLE I 


THE RELATIVE NUMBER OF CASES IN WHICH Holothuria surinamensis Was 
FOUND TO BE REGENERATING IN NATURE 


| | Regenerating 


Date | No. ex- 

| amined | on 

| ral Cloacal Total % 
June, July, 200 | 7 13 | 20 10.0 
39 | 0 1 | 1 2.5 
6 8 9 | 12.8 
53 4 5 9 16.9 
| 446 | 98 97 50 11.2 


from one locality, Fairyland Creek, where they notably 
abound; but the species has been collected at many other 
stations, where also the regenerating individuals are to 
be found in approximately the same proportion. The 


SIt is known that some holothurians tend to congregate together in con- 
siderable numbers at their time of breeding. Graber considered this to 
indicate the presence of a chemical sense (Delage et Hérouard, 1903). 


Ratio of regenerating oral to cloacal ends =1: 1.17. 
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season of the year seems not to influence the occurrence 
of regenerating specimens. 

The criterion of regeneration in these cases consists in 
the presence of an anterior or posterior terminal part of 
the body characteristically different in appearance from 
the normal buceal or cloacal end, the surface being clearly 
_marked off from that of the rest of the body. In typical 
examples these regenerated ends of the animal are more 
sharply pointed than is usual; they bear feebly developed 
tentacles (at the anterior end), tube feet, and dorsal 
papille, which are less reactive than those on animals 
judged to be not regenerated; and these appendages are 
very lightly pigmented (Fig. 1). These characteristics 


a b 
Fic. 1. Regeneration found occurring naturally. Semidiagrammatic sketches, 
showing differences in pigmentation of a, cloacal end, b, oral end. Natural size. 


undoubtedly become less prominent with time, the colora- 
tion tending, however, to remain pale on the ventral sur- 
face (trivium). The first pigment to appear is the green 
fluorescent one (ef. Crozier, 1914, p. 9 and 1915b) ; the 
dark brown substance develops more slowly, just as in 
the growth of the post larval holothurians of this and re- 
lated species. The spicules of the podia and skin seem 
fewer than in corresponding non-regenerating parts, but 
are of the usual sizes and shapes. The tentacles on re- 
generating buceal ends are always fewer (9-15) than on 
the normal individual (20). 


Wr 
ale 
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That the oral and cloacal terminations just described 
do in reality represent regeneration, has been verified by 
observation of the course of regeneration in the labora- 
tory after experimentally cutting the holothurians dn 
various ways (ef. Crozier, 1915b). Certain specimens 
also have been tabulated as ‘‘regenerating’’ when their 
appearance (Fig. 2, ¢), backed up by dissection, suggested 
that they had just completed division and had not yet 
begun to regenerate. These specimens lacked either a 
cloaea, or the stone ring and bueeal structures, depending, 
obviously, on their former relation to the complete indi- 
vidual from which they were derived. 


a b c 
Fic. 2. Outlines of individuals dividing or recently divided. In a and b 
the division is shown in progress, x %; in b the exposed portion of the undivided 


intestine is visible; in ¢ is given the outline of a recently separated oral half, 
natural size. At # is seen a protruding bit of the portion of the respiratory trees 
retained within this half animal. The characteristic puckering of the surface 
at the division area is also indicated. 

The evidence that the regeneration found occurring 
under natural conditions results from the self-division of 
adult holothurians, involves two considerations. The 
first concerns (a) the relative size of the regenerating 
animals, and (b) the relative frequeney of anterior and 
posterior ends noted as regenerating. The second has to 
do with direct observations of self-division. 
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One hundred H. surinamensis collected in Fairyland 
Creek ranged in length from 6 to 18 ¢m., with the mode at 
l4em. The regenerating specimens ranged in length 
from 4 to 9em., with the mode at 7em. While no numer- 
ically exact argument can be based on these figures, since 
the length of any one holothurian is variable, the fact does 
stand out that the regenerating animals are about one 
half the length of the non-regenerating ones. There is 
also the significant fact that not a single instance has been 
found in whieh both a (supposedly) new oral and new 
cloacal end were present. If self-division has occurred, 
then we should expect to find new oral and new cloacal 
extremities in equal frequency; among the rather small 
number of eases available, we find their ratio to be as 
1:1.17, an agreement sufficiently close to favor belief in 
self-division. 

The evidence concerning the second point is even more 
conclusive. I have seen, in all, nine cases in which a holo- 
thurian (H. surinamensis), in the laboratory, divided 
itself into two parts. The animals concerned seemed 
healthy, and bore no visible signs of having been in any 
way injured. In no ease did the halves so formed redi- 
vide, although in two cases the resulting portions lived 
in the laboratory for a month (Aug. 3 to Sept. 5, 1916), 
during which time, even in the absence of food, missing 
structures were regenerated. 

In one ease the process of division occupied five days; 
in another, twenty-four hours. Probably it is executed 
more rapidly in the field. The details of the division were 
not notably different from those deseribed by Chadwick 
(1891) for Cucumaria, except perhaps in one particular. 
The intestine is not drawn out between the separated 
halves, as found in Cucumaria and as I have observed 
in the voung of H. captiva. Division begins midway of 
the length of the body with a deep insinking of the ‘‘dor- 
sal’? bivium. <A powerful circular constriction, accom- 
panied by some slight local disintegration of the integu- 
ment, completes the separation (Fig. 2). During the 
progress of division the animal is quiescent, although it 
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may be adhering firmly by its tube feet to the vertical wall 
of the aquarium. When the constriction and separation 
of the skin- and muscle-layers is completed, a short length 
of the intestine usually remains for a time connecting the 
two pieces; it may rupture close to one of them, or may 
disintegrate completely. The point to be noted is, that 
the resultants of the division do not move apart, but re- 
main quiescent. 

Lastly, after considerable searching, I found in the 
field one case in which division had evidently just been 
completed. The halves were still joined by an exposed 
portion of the gut. 

On the basis of all this evidence there is certainly reason 
to believe that Holothuria surinamensis, in the adult state, 
normally multiplies its numbers by a process of binary 
fission. The resulting organisms readily complete their 
missing parts, but probably do not undergo a second divi- 
sion until after the lapse of a considerable interval, if 
they do at all. 

It would be of some interest to determine the nature of 
the sexual products in the animals which thus result from 
division. 

AGAR’S ISLAND, 
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SHORTER ARTICLES AND DISCUSSION 


AN ATTEMPT TO MODIFY THE GERM PLASM OF 
(KNOTHERA THROUGH THE GERMINATING SEED 


WHEN a new character appears in a homozygous race or 
species it may be either a mutation or an acquired character. 
If a mutation it has been produced because the germ plasm has 
in some way been affected and the succeeding generations may 
be expected to show the same variation. If an acquired char- 
acter it will be present for a single generation and is then lost 
unless the cause that produced the somatic change also modified 
the germ plasm in such a manner that it may develop the same 
character, in sueceeding generations. By ‘‘acquired characters”’ 
is meant any and all changes that are wrought in the soma of 
the organism by the environment considered in its broadest 
sense. It is the creed of modern biology that acquired characters 
are not inherited unless the environmental influences also play 
on the germ cells even while focused on the body tissues, pro- 
ducing at the same time potential alterations in the former and 
visible changes in the latter. 

The causes of mutation are in dispute. It is fairly obvious, 
however, that in the reported instances of mutation the varia- 
tions arose as the result of changes in the germ plasm. A muta- 
tion, therefore, has its origin from within and this origin has 
no very evident connection in any way with external condi- 
tions. If a case of an acquired character is shown to be in- 
herited it is clear that the germ plasm of the organism must 
have been affected. The stimulus to change, therefore, in con- 
trast with the cause of mutation, would have come from without. 
While the end result—the alteration of the germinal constitu- 
tion—is the same in both cases, the method or cause by which 
it is brought about is different. From this point of view, the 
relative value in evolution of mutation and of hereditary 
acquired characters is open to various interpretations. I think 
that in the case of mutations it may soon be possible to demon- 
strate that some of the so-called examples of ‘‘mutations’’ are 
due to or are associated with irregularities of karyokinesis. It is 
not at all inconceivable that outside conditions producing ac- 
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quired characters may at the same time effect chromosome struc- 
ture and behavior in the germ plasm. The cause for unusual! 
activity on the part of the chromosomes in either case may, how- 
ever, well be totally different. 

Interesting as are the effects of natural influences on the germ 
plasm, of greatest importance is the problem whether or not 
modifications may be produced and controlled artificially. The 
fact that experimental research is tending to show the specificity 
of certain chemicals for various organisms or parts of organisms 
makes hopeful the outlook for finding a specific or many specifies 
that will act upon the mechanism of heredity or different parts 
of that mechanism. At present our investigations can only be 
empirical, trying this or that method more or less blindly. Con- 
siderable work in this field has already been done. Without 
entering into a full discussion of the numerous investigations, 
it may be said that alcohol, temperature, humidity, ether, zine 
sulphate and radium have been used in attempts to alter the 
germinal constitution. Changes indeed have been produced in 
some cases but the effects have been generally physiological in 
nature either interfering with development or influencing 
color, length of hair, ete. In all cases where the offspring re- 
sembles the altered parents the results have been readily inter- 
preted on the assumption that eggs or embryos are influenced 
at the same time as were the forms producing them. MacDougal 
reports having produced changes in one of the cenotheras 
through ovarial injections. Although it may be possible that 
he produced modifications, the plant he selected for experimenta- 
tion was unfortunate since the natural variability of the ceno- 
theras is in most cases great, and the gametic purity of his 
material was not clearly demonstrated. 

In many ways plants offer the most favorable material for 
the study of experimental variation. Many parts of the plant 
are adapted to experimentation. The pollen may be subjected 
to treatment, the ovaries may be injected with chemicals or 
otherwise handled, the seeds offer themselves to various manipu- 
lations, many stages of growing plants are available for experi- 
mentation, a variety of experiments may be conducted and, 
if there are numerous branches, controls may be maintained on 
the same plant. Coupled with these advantages are possibilities 
of cultivating pure lines for many generations. It would be 
difficult indeed to find an animal about which all of the above 
statements could be made. 
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Two methods of inducing germinal variation seem practical. 
The first is the treatment of the germ cells. MacDougal’s 
ovarial injections lie in this class. The other method is to attack 
the buds or growing points of the stems. I do not at present 
believe that exact results can be expected from ovarial injee- 
tions since the ovules are generally so tightly packed that fluids 
can not readily circulate and it is impossible to know the quan- 
tity and the strength of the fluid that may reach the germ plasm. 
The treatment of pollen: may offer greater possibilities unless 
unforeseen technical difficulties are encountered. By subject- 
ing growing points to treatment the germ plasm may more 
readily be affected and the complete chromatin equipment may be 
placed under the influence of the materials used. If germinat- 
ing seeds or seedlings are immersed in a given chemical solution 
we may have reason to expect that the cells of the growing points 
are probably in contact with the solution or some derivative of it. 
If the chromosomes of a growing point can be influenced it is pos- 
sible that the organs that are developed from this point may be 
altered. 

Two years ago, in connection with a program of study deal- 
ing in general with problems of development, I had the oppor- 
tunity of making some experiments on seeds and seedlings of 
(Enothera biennis L. (the Dutch biennis) from a pedigreed line 
which had been inbred for at least eight generations. Cno- 
thera biennis L. is one of the most stable species so far studied 
in this genus and its rare ‘‘mutations’’ are known from the 
research of Professor DeVries. Consequently it seemed justi- 
fiable to anticipate that any results obtained through experi- 
mental treatment may readily be recognized. To Dr. Bradley 
M. Davis I am indebted for suggesting G2nothera biennis as a 
favorable plant for study, for many pedigreed seeds and for 
the complete freedom of his garden. Without his aid in the 
study of the plants and without his advice I should have made 
little progress. In preliminary studies of this sort all the in- 
investigator can hope to accomplish is to determine certain solu- 
tions which produce suggestive effects. The results of my 
studies are here brought together in hope that they may be of 
some help to other workers. 

As has been pointed out, studies of this character must at 
present be largely empirical. The problem is to find chemicals 
that will modify the structure of the germ plasm or bring about 
irregularities in the distribution of the chromosomes. Some of 
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the chemicals used are those frequently employed in fixing fluids ; 
others were selected for various reasons. 

As shown in the List of Experiments the seeds and seedlings 
were soaked for varying lengths of time in the solutions. The 
material was either thoroughly washed before being placed on 
moist filter paper in petri dishes to complete germination or 
it was placed on paper which had been moistened with the same 
solution as that in which the material had been soaked. Since 
the seeds of Gnothera biennis are about 96 per cent. viable, 
seed sterility was not an important factor in the results of the 
experiments. Dr. Davis’s large cultures under normal conditions 
were used as controls. About one hundred seeds were used in 
each experiment. 


LIST OF EXPERIMENTS 


Seeds or Time in | Percentage of 
Fluids Percentage — Seedlings Solution | Germination 
0.125 Seedlings 3days | 
0.625 | Seeds | 29 days | 40 
ButyriC Seeds | 84days | 40 
0.5 Seeds 34 days 0 
1.0 | Seedlings) 1 day 
1.0 | Seeds 5 days 0 
Chioral’hydrate:: Seedlings! 5 days 
0.75 Seeds 34 days 50 
0.375 Seeds 24 days ) 
0.187 Seeds 24 days 50 
0.03 | Seedlings, 11 hours 
0.015 | Seeds 4 days 65 


0.015 | Seeds 3 days 60 
0.015 | Seedlings) 21 days 


0.015 Seeds 3 days 60 

5.0 Seeds 27 days 0 

1.0 Seeds days 40 

0.5 Seeds 3 days 60 

0.5 Seeds 24 days 80 

0.25 Seeds 24 days <A few germi- 

| nations 
Methyl alcohol... 1.0 Seeds 18 days Normal ger- 
| | mination 

Amylio alconol Seeds 18 days 0 
Butylic Seeds 18 days 0 
1.0 Seeds 18 days 0 
PARC BUIDDAC | 10.0 Seeds 18 days 0 

5.0 Seeds 18 days A few germi- 

nations 

Pot. bromide and iodide......... Seeds 10 days 0 

0.5 Seeds 14 days 19 


i 
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RESULTS 

In the acetic-acid solutions mold grew vigorously and possibly 
interfered with the growing plants. The percentage of germina- 
tion was low. In the young plants the cotyledons were rather 
more pointed than normal, although this modification was not 
marked. The leaves of young rosettes also appeared more nar- 
row and pointed, but these peculiarities disappeared as the 
plants matured. 

All the seeds and seedlings treated with butyric acid died. 

Chloral hydrate produced no effect other than retarding the 
period of germination, reducing its percentage, and weakening 
the plants. 

Chromic acid produced by far the most interesting results. 
In the various solutions used germination was prompt (about 
the usual three to four day period) but the percentage was 
materially lowered. The seedlings produced were vigorous in 
appearance, although the root system was in most cases stunted. 
There was a slight though not, I believe, significant modification 
of the cotyledons which were somewhat less pointed than in the 
type. Some of the seedlings were bright red and practically all 
had a reddish or pinkish tinge. Growth after planting was 
slow but all the plants finally developed normally. 

Ethyl aleohol produced no modification of structure, although 
I believe that it will be worth while to continue this line of ex- 
perimentation. In all cases where seeds were allowed to soak in 
ethyl aleohol the solution became thick and gelatinous from a 
substance extracted from the seeds. The percentage of germina- 
tion was much reduced. 

Methy] alcohol retarded germination but the resulting plants 
were fairly normal. 

Amylic, butylie and propylie alcohols all inhibited germina- 
tion in the strengths employed. 

Germination was also inhibited by the solutions of zine 
sulphate, strychnine, potassium bromide and iodide and by four 
per eent. ferric alum. 

In general it may be said that the treatment of seeds and seed- 
lings in the experiments has resulted, as in the experiments of 
others, in reducing the percentage of germination or in a general 
weakening of the plants rather than in specifically modifying 
the germinal constitution. The results from the experiments 
with chromie acid and possibly with chloral hydrate and ethyl 
aleohol suggest the desirability of further studies. In future 
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work the concentration of the agent and the length of treatment 
should be studied in greater detail. 
Rosert T. Hance 
BOTANICAL AND ZOOLOGICAL LABORATORIES, 
UNIVERSITY OF PENNSYLVANIA, 
June, 1917 


CONCERNING A MORPHOLOGICAL PREDICTION FROM 
DISTRIBUTIONAL DATA AND ITS SUBSEQUENT 
VERIFICATION! 


ALL species of the genus Salpa are notable for their two alter- 
nating generations. One, known as the ‘‘solitary’’ generation, 
produces offspring by budding and the buds, when fully mature, 


‘ 


constitute what is known as the ‘‘aggregate’’ veneration, or, as I 
shall call them, zooids. Each zooid produces, sexually, one of the 
solitary generation, the embryo being nourished and carried 
within the body of the zooid until after it has begun to form 
zooids of the sueceeding generation. 

The relation between the two generations, however, is not 
simple; and as there seems to be a widespread misconception re- 
garding this relation, it is well to correct it. : 

One sees the statement in much of the literature that the sol- 
itary generation is asexual, that the aggregate generation is 
sexual (hermaphroditic), and that the developing embryo of the 
solitary form is carried within the body of its mother. Such, 
however, is not the case; Brooks having clearly demonstrated 
that the solitary 
form is, in the most literal sense, a female while the zooid it 


9° 


in his classical volume ‘‘The Genus Salpa, 


produces by budding is a male. In brief, the curious sexual 
relationships are as follows: 

The solitary form, or female, produces immature males by 
budding, within the body of each of whieh the mother tucks 
away one fully developed and ripened egg together with its fol- 
licle. Before fertilization the egg is suspended by means of a 
fertilizing duct, which opens into the cloaca, into one of the blood 
channels of the newly formed zooid. The spermatozoa which are 
drawn into the pharynx of the zooid with the sea-water, are swept 
past this opening by the contraction of the muscles in swimming, 
and some of them enter, one of which penetrates to the egg and 
fertilizes it. The embryo, at an early stage, pushes into the 


1A paper read before the Western Society of Naturalists, Friday, April 
6, 1917, at Stanford University. 
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cloaca, carrying its wall before it, thus becoming ineclosed in an 
epithelial capsule. This capsule is soon east off and, in its place, 
a placenta is formed which, communicating with the blood- 
channels of the zooid, nourishes the growing embryo until birth. 
While the embryo projects into the «loaea it is not, at first, ex- 
posed to the water, but is enclosed by an epithelial capsule and, 
after its disappearance, by an embryo sae resembling somewhat 
the amnion of vertebrates. Later, but still while very young, 
this sae is distended and finally broken by the growing embryo 
and from then until birth, the embryo is directly exposed to the. 
water in the cloaca, being fastened to the zooid only by the pla- 
eenta and a narrow band of ectoderm which connects the neck 
of the placenta to the walls of the cloaca. After the embryo has 
reached maturity and made its escape into the water, the testis 
matures and the zooid becomes a fully developed male. Vir- 
tually, then, the mother salpa gives rise, by budding, to its sons; 
and each son serves first as a depository for one of its mother’s 
unfertilized eggs, then as a living ineubator within which its 
mother’s daughter is housed and reared, and lastly as a father. 
Such is, in brief, the life-cycle of the Salpe. 

In Salpa democratica, to which the distributional data to fol- 
low relate, and which is the tiniest of all the Salp@, the mech- 
anism of budding is as follows: Within the body of the solitary 
salpa, at its eaudo-ventral extremity, lies a compact intestinal 
tract called the nucleus. Closely associated with it is an organ, 
‘“‘the proliferous stolon,’? which by segmenting distally gives 
rise to the zooids. The zooids are budded off rapidly and no evi- 
denee is at hand that the stolon ever exhausts its capacity to pro- 
duce them. The zooids remain attached to each other and to the 
stolon in the form of a chain and, as segmentation advances, they 
become crowded and pushed along a spiral path encircling the 
nucleus. The stolon undergoes more or less regular periods of 
segmentation and rest so that the zooids are developed in sets or 
bleeks, all individuals in a single block being of approximately 
the same size and in the same stage of development. Each block 
contains from forty to sixty-five zooids, and as there are from 
three to four blocks present when the distal end of the chain is 
ready to emerge from the test-cavity to the exterior, the stolon 
carries in the neighborhood of two hundred zooids at one time. 

In other species the chain remains intact and attached to the 
stolon after, as well as before, the zooids are protruded into the 
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water, but no evidence of this relative to S. democratica is re- 
corded in the literature. 


During June and July, 1908 and 1909, thirty surface-net hauls 
were made in the vicinity c* San Diego when the temperature of 
the water was between 15°.9 and 18°.3 C., and forty-six when it 
was between 18°.4 and 20°.8 C. Solitary forms were captured 
in greater numbers per unit volume of water filtered from the 
warmer water, and zooids from the colder water. But one or 
more of both solitary forms and zooids were captured from a 
larger per cent. of these unit volumes in the colder than in the 
warmer water. This is better shown by the following table: 


TABLE SHOWING SurRFACE DISTRIBUTION OF S. democratica RELATIVE TO 
WARM AND COLD WATER 


Solitary Forms Zooids 
Temperature in No. of 
Centigra auls 
Abund.! Freq.2 Abund.! Freq.? 
15,9=18 30 67 92 529 92 
18.4-20.8.......... 46 160 73 127 80 


These data show that, while zooids occurred in greatest num- 
bers in the places they frequented the most as would be expected, 
solitary forms occurred in greatest numbers in the places they 
frequented the least, or, to state it differently, they were found 
most often where they occurred in smallest numbers. What 
does this apparent paradox mean? 

Believing that these relations must have been consequent upon 
a freak result of chance or random sampling, and discovering 
that only 9 of the 30 cold-water hauls were made during the night 
(6 p.mM.—6 A.M.) while 33 of the 46 warm-water hauls were made 
at night, the day hauls and night hauls were separated, and the 
data concerning each were retabulated with respect to the same 
two groups of temperatures. The results are given in the table 
on p. 975. 

Be it noted that, although the magnitudes of the differences 
vary, the directions of the differences are exactly the same as 
revealed by the data in the above table, 7. e., solitary forms are 
most abundant and least frequent in the warmer water, while 
zooids are most abundant and most frequent in the colder water. 

Still being in the position of an unbeliever, the data were re- 


1 Abundance or number of individuals per unit volume of water filtered. 
2 Frequency or per cent. of unit volumes containing at least one individual. 
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tabulated in every practicable manner: first, by eliminating all 
hauls except those made between 6 and 10 A.M.; second, by elim- 
inating all except those made between 10 a.m. and 2 p.M.; third, 
by eliminating all except those made between 6 and 10 P.M.; 
fourth, by eliminating all except thor: made during June, 1909, 
and fifth, by eliminating all except those made between June 12 
and 30, 1909, and within a distance of approximately half a mile 
of each other. But, in every ease without exception solitary 
forms were most abundant and least frequent in the warmer 
water, while zooids were most abundant and most frequent in the 
colder water. Furthermore, the frequency of solitary forms was 
found to be usually identical with that of zooids. Finally, the 
probability of such an identical series of relations being due to 
the effects of random sampling was computed, and the odds 
against it were found to be more than 1,600 to 1. Obviously, 
then, the apparent paradox has a significance. What is it? 


DAYLIGHT Haus (6 A.M.—6 P.M.) 


Solitary Forms Zooids 
Hauls 
{ Abund. Freq. Abund. Freq. 
Cole 21 73 96 710 96 
WE 13 281 92 158 86 


NigHt (6 P.M.-6 A.M.) 


Cole! 9 58 81 220 81 
Warm 33 135 63 118 


Let a solitary form be symbolized by a cork, a zooid by an iron 
weight, warm water by the surface of the ocean, and cold water 
by the bottom of the ocean. Flotation is then analogous to ac- 
cumulation in warm water, and sinking to accumulation in cold 
water. The problem may then be restated as follows: 

Since corks float and iron weights sink, what is the relation 
between them that necessitates taking some corks from the bottom 
of the ocean whenever a number of iron weights are taken there- 
from, and that necessitates taking some iron weights from the 
surface whenever a number of corks are taken therefrom ? 

Stated in this symbolical language, it is obvious that the only 
feasible answer is that at the time the corks and iron weights 
were removed from the ocean, they were tied together. Now, if, 
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by experiment, we find that one cork will barely float say six 
iron weights, corks with more than this number attached would 
sink, while those with less attached would float. Moreover, if 
those corks with more than six weights attached usually outnum- 
bered those with less, while, occasionally those with less far out- 
numbered those with more, then both corks and iron weights 
would be so distributed with respect to surface and bottom that, 
while corks in the long run would be obtained in greater num- 
bers from the surface than from the bottom, at least one would 
be obtained in a greater percentage of bottom than of surface 
hauls. In other words corks would be most abundant and least 
frequent on the surface, while iron weights would be most abun- 
dant and most frequent on the bottom—the exact parallel of the 
distribution of the two generations of 8S. democratica. 

The conclusion, therefore, seems unescapable that the zooids, 
after being pushed to the exterior on the proliferating stolon of 
the solitary salpa, remain attached to each other and to the stolon 
in the form of a protruding chain. 

More positive proof being mandatory, each of the seventy-six 
hauls were carefully examined but, although certain statistical 
facts pointed toward the existence of protruding chains, no two 
zooids were found attached together. But, being convinced 
against my own prejudice, that such chains were encountered 
and broken up during the processes of towing and washing the 
net, hauls of brief duration were made, and in some of them 
several fragments of chains were discovered. Comparison of the 
size of these zooids with that of the largest ones found within the 
test-cavity of the solitary salpa proves them to have remained 
attached to their progenitor for a considerable period, probably 
until at least one entire block of zooids had reached the exterior. 

The distributional data carry many other significant implica- 
tions which ean not be discussed in this limited time. Suffice it 
to say that a complete report is now nearly ready for the press 
and will be published in the Zoological series of the University 
of California under the title ‘‘ Differentials in Behavior of the 
Two Generations of Salpa democratica Relative to the Tem- 
perature of the Sea.’’ 


L. 
Scripps INSTITUTION FoR BIOLOGICAL RESEARCH, 
La JOLLA, CALIF. 


